Background
Methods
In this registry-based cohort study in Denmark, we identified all patients with incident primary lung cancer between 1997 and 2010, and in a general-population comparison cohort matched on calendar time, sex, age, and residence. Among patients with non-small cell lung cancer (NSCLC) and small-cell lung cancer (SCLC), we estimated prevalence of potential PNS and selected autoimmune conditions and compared their incidence rates with those of equivalent conditions in the general population cohort, using hazard ratios (HRs) adjusted for baseline comorbidity.
Results
There were 35,319 patients with NSCLC and 6,711 patients with SCLC. The incidence rates per 1000 person-years (95% confidence interval) of any potential PNS or selected autoimmune disorders were 135.4 (131.9-139.1) among NSCLC patients and 237.3 (224.4-250.5) among SCLC patients. Adjusted HRs for any potential PNS or selected autoimmune disorders were 4.8 (4.7-5.0) for NSCLC and 8.2 (7.6-8.8) for SCLC.
Conclusion
Incidence rate of any potential PNS or selected autoimmune disorders among patients with lung cancer was greater than that in the general population and was greater after SCLC than after NSCLC. PLOS 
Introduction
Paraneoplastic syndromes (PNS) are remote effects of cancers, unrelated to mass, invasion, or treatment [1, 2] that manifest as endocrine, neurologic, cutaneous, rheumatologic, or hematologic conditions [3] . The pathophysiology of PNS can be autoimmune (immune cross-reactivity between tumor and normal host tissues), humoral (secretion by tumors of functional peptides and hormones), or unknown [4, 5] . By definition, PNS must occur in patients with cancer; however, while detection of endocrine and hematologic PNS tends to follow a cancer diagnosis, detection of neurologic, cutaneous, and rheumatologic PNS often precedes the cancer diagnosis [3] . Period prevalence of PNS among cancer patients ranges from 7% to 15% [3, 6] , but systematic population-based evidence regarding PNS occurrence is limited. Among patients with lung cancer, the reported prevalence of PNS is about 10% [7] [8] [9] , based on scarce evidence, without clear reference to an underlying period or ability to distinguish between prevalent and incident cases. PNS appear to be more common in patients with small-cell lung cancer (SCLC) than in patients with non-small-cell lung cancer (NSCLC), and the two types of lung cancer may be associated with different types of PNS [7, 8, [10] [11] [12] [13] . Approximately 9% of SCLC patients had a neurologic PNS around the time of cancer diagnosis [14] . Data on the occurrence of autoimmune conditions that are not necessarily PNS are important for providing context to immune-related adverse events of immunotherapies, which are increasingly used in cancer treatment [15, 16] . To date, no study has prospectively estimated PNS incidence rates among patients with lung cancer. Using data linked from population-based registries in Denmark, we conducted a nationwide cohort study to estimate prevalence and incidence rates of PNS and selected autoimmune conditions among patients with NSCLC and with SCLC, as compared with the prevalence and incidence rate of the same conditions in the general population.
Methods

Study design and population
This cohort study was based on individual-level linkage of prospectively and routinely collected data from three nationwide registries in Denmark-the Danish Civil Registration System [17] , the Danish National Patient Registry, covering all admissions to Danish somatic hospitals [18] , and the Danish Cancer Registry, with mandatory reporting of all incident primary malignancies since 1987 [19] . The source population, identified from the Danish Civil Registration, included all Danish residents alive in 1997-2010. In the Danish Cancer Registry, we identified persons with incident primary lung cancer during 1997-2010 (the lung cancer cohort). Lung cancer was further classified into NSCLC and SCLC.
For each person with an incident lung cancer, we randomly sampled up to 5 persons from the general population among those who were alive on the date of the cancer diagnosis (the index date), matching on sex, year of birth, and county of residence (the general population cohort) [17] .
Endpoint ascertainment
Many well-established PNS do not have specific disease codes or may only be recognized clinically as paraneoplastic because of a proximal malignancy diagnosis. For this study based on routinely collected data on standard disease codes we therefore termed the conditions of interest as 'potential PNS'. We defined the following categories of potential PNS: hematologic conditions; vasculitis; other vasculopathy; endocrine and metabolic conditions; neurologic conditions; conditions of the neuromuscular junction and muscle; Ménière's disease; circulatory conditions; asthma; digestive conditions; kidney disease; dermatologic conditions; rheumatic syndromes; and non-system-specific conditions. The non-system-specific conditions category included codes for fever, cachexia, raised antibody titers, and abnormal levels of serum enzymes (acid phosphatase, alkaline phosphatase, amylase, and lipase). Among the autoimmune conditions, we included known paraneoplastic conditions as well as selected conditions not previously described as PNS (included in the categories Ménière's disease, digestive conditions, and circulatory conditions) [20] .
For both lung cancer cohort and the general population cohort, we obtained data on history of potential PNS as recorded in the Danish National Patient Registry within at least 2 years and a maximum 5 years before the index date. In most patients with PNS preceding a cancer diagnosis, the cancer is identified within one year of PNS occurrence [2] .
Follow-up for incidence rate estimates
The observation period extended from 1 January 1997 to 31 December 2011. Follow-up began on the index date and ended on the date of first-time diagnosis of a potential PNS, date of any cancer diagnosis, emigration, death, or on 31 December 2011, whichever came first. Persons in the general population cohort diagnosed with lung cancer during the follow-up were censored in the general population cohort and started contributing person-time to the lung cancer cohort. For the endpoint of any potential PNS, follow-up ended on the date of the firstrecorded PNS condition. For the PNS category-specific endpoints, follow-up ended on the diagnosis date of the first condition in that category.
Comorbidities
The following comorbidities were measured in the study population before the index date: chronic obstructive pulmonary disease (COPD), non-insulin dependent diabetes mellitus, hypertension, ischemic heart disease, and kidney disease. Furthermore, we calculated Charlson Comorbidity Index score [21] , modified by excluding cancer and the comorbidities listed above, and categorized as no comorbidity [score = 0], low comorbidity [score = 1-2], and high comorbidity [score = 3+]. The comorbidities were ascertained using hospital diagnoses since 1977 [19] .
Statistical analysis
Period prevalence estimates of the potential PNS in the study population were calculated as the proportion of persons with a potential PNS diagnosed within the 2 years before the index date. Five-year prevalence was calculated in a sensitivity analysis.
The dataset for estimation of incidence rates included members of the lung cancer cohort diagnosed during 1997-2010 and matched members of the general population cohort. Members of both cohort had to be free of diagnosis of any potential PNS up to 5 years before the index date. As diagnoses made at outpatient hospital specialist clinics were available since 1995, the lookback period for outpatient diagnoses was less than 5 years patients diagnosed with lung cancer in 1997-2000. However, most prevalent PNS are expected to be detected in the 2 years preceding cancer diagnosis. All analyses were conducted separately for NSCLC and SCLC and their matched general population cohorts.
First, we tabulated distribution of age, sex, and baseline comorbidities. Then we computed incidence rates and incidence rate differences for any potential PNS and each potential PNS category and used Cox proportional-hazards regression to compute hazard ratios as estimates of the underlying relative risks of PNS for lung cancer versus the general population. The proportional-hazards assumption did not hold over the entire follow-up period, and HRs were therefore estimated separately for the first and the subsequent years of follow-up. We computed HRs adjusted for age, sex, calendar year of index date, history of COPD, non-insulin dependent diabetes mellitus, hypertension, ischemic heart disease, kidney disease, and Charlson Comorbidity Index category. Comorbidity was included to account for potential differences in rates of ascertainment of medical conditions. In secondary analyses, we stratified the analysis by age (<65, !65 years) and sex.
All codes for PNS used in the study are listed in the S1 Table. This study was approved by the Danish Data Protection Agency (record number 1-16-02-1-08).
Results
In the period 2000-2010, we identified 33,755 patients with NSCLC and 6,159 patients with SCLC in Denmark. The prevalence of any potential PNS diagnosed over the 2-year period before the index date was 11.0% in both cohorts of lung cancer patients, and the prevalence of these diagnoses was 6.0% in their corresponding matched comparison cohorts. Among patients with NSCLC, the most prevalent potential PNS at baseline were endocrine and metabolic (3.0%) conditions, neurologic (2.2%) conditions, hematologic (1.9%) conditions, and rheumatic (1.6%) conditions. Prevalence estimates observed among SCLC patients were similar: endocrine and metabolic (3.7%), neurologic (2.5%), rheumatic (1.5%), and hematologic (1.1%) conditions. The five-year prevalences were only slightly higher (data not shown).
For the analyses of PNS incidence rates, there were 35,319 patients with incident NSCLC and 6,711 patients with incident SCLC diagnosed between 1997 and 2010 and without a history of potential PNS up to 5 years before the index date. Median age at index date was 69.4 years in the NSCLC cohort and 68.2 years in the SCLC cohort. The proportion of men was 56.1% among patients with NSCLC and 54.4% among patients with SCLC. Compared with the general population, NSCLC patients were more likely to have had a history of COPD (15.1% vs 4.6%), ischemic heart disease (14.3% vs 11.2%), and kidney disease (0.9% vs 0.5%). These results were similar for SCLC (COPD [13.3% vs 4.3%], ischemic heart disease [13.5% vs 10.3%], and kidney disease [0.6% vs 0.4%]). Overall comorbidity was higher in the lung cancer cohort than in the general population cohort ( Table 1) .
The overall incidence rate of any potential PNS in the NSCLC cohort was 135.4 per 1000 person-years (95% confidence interval [CI]: 131.9-139.1), and 24.2 per 1000 person-years (95% CI: 23.9-24.6) in the matched comparison cohort. In the SCLC cohort, the incidence rate of potential PNS was 237.3 per 1000 person-years (95% CI: 224.4-250.5), and 23.8 (95% CI: 23.0-24.5) in the matched comparison cohort. The highest incidence rates were observed for hematologic and non-system-specific conditions among both patients with NSCLC or SCLC, followed by endocrine and metabolic conditions ( Table 2 ). The overall incidence rate difference for any potential PNS compared with the same conditions in the general population 111.2 per 1000 person-years (95% CI: 107.6-114.9) for NSCLC, and 213.5 per 1000 personyears (95% CI: 200.4-226.6) for SCLC ( Table 3 ).
The adjusted HR for any potential PNS were 4.8 (95% CI: 4.7-5.0) for NSCLC patients and 8.2 (95% CI: 7.6-8.8) for SCLC patients (Table 3) , compared with the general population. Among the NSCLC patients, the HR was higher than 10 for anemia, thrombocytopenia, agranulocytosis, carcinoid syndrome, hypercalcemia, fever, and cachexia. Among the SCLC patients, the highest HRs were observed for anemia, thrombocytopenia, agranulocytosis, pituitary gland disorders-primarily accounted for by cases with the syndrome of inappropriate antidiuretic hormone secretion (SIADH), hypokalemia, ataxia, fever, and cachexia (Table 4 ). An increased incidence of dermatomyositis and polymyositis was observed among the SCLC patients. HRs of autoimmune conditions, especially those not previously described as paraneoplastic, were only moderately or not increased ( Table 4) .
The adjusted HR for any potential PNS among patients with NSCLC was 6.7 (95% CI: 6.4-7.1) in persons younger than 65 years and 3.8 (95% CI: 3.6-4.0) in persons 65 years old or older. The HRs did not vary by sex. Among patients with SCLC, the HR was 10.3 (95% CI: 9.1-11.5) for those younger than 65 years of age and 6.8 (95% CI: 6.2-7.5) for persons 65 years old or older. The adjusted HR was 7.9 (95% CI: 7.1-8.8) in women and 8.5 (95% CI: 7.6-9.4) in men. The HRs of all potential PNS were considerably higher during the first year following the cancer diagnosis date for both NSCLC (8.0 [95% CI: 7.6-8.4]) and SCLC patients (12.2 [95% CI: 11.1-13.5]), compared with the follow-up period beyond 1 year, 2.8 (95% CI: 2.7-3.0) for NSCLC and 4.0 (95% CI: 3.5-4.7) for SCLC patients. This association was particularly pronounced for the hematologic and non-system-specific PNS categories (Table 5) . 
Discussion
To the best of our knowledge, this is the first population-based cohort study to examine the occurrence of potential PNS and selected autoimmune conditions in patients with NSCLC and SCLC. The overall incidence rate of any potential PNS was nearly fivefold greater among patients with NSCLC and eightfold greater among patients with SCLC compared with the incidence of the same conditions in the general population. Hematologic and non-system-specific conditions drove the risk increase in both lung cancer cohorts, with anemia, thrombocytopenia, agranulocytosis, fever, cachexia being especially increased among SCLC patients. It is known that incidence of PNS among patients with SCLC is higher than in those with NSCLC. This can be linked to cancer's histological origin, as all SCLC are derived from neuroendocrine cells, whereas among NSCLC, only carcinoid and large-cell neuroendocrine carcinoma-both uncommon-are neuroendocrine tumors [22] . Neuroendocrine cells secrete peptide hormones, and neural antibodies are more frequently expressed in SCLC than in NSCLC [23, 24] .
In the NSCLC and SCLC cohorts, the increased risk of potential PNS was greater in the first year following cancer diagnosis than in the subsequent years. The possible explanations for this finding could include greater severity of malignant disease at the time of diagnosis, timedependent decrease in paraneoplastic effects of cancer due to treatment, survival effect, subsiding toxicity of chemotherapy, or tapering off of medical surveillance heightened immediately following cancer diagnosis. A PNS condition may not differ clinically from the equivalent condition in the absence of cancer, and may be recognized as paraneoplastic only because of a recently diagnosed malignancy. Thus, it would be expected that the risk of these conditions would be increased in persons with a known malignancy, compared with the general population. The greater risk increase observed in the first post-diagnosis year among NSCLC patients is consistent with this theory, and could be partially attributed to diagnostic bias. For all categories of conditions, we observed stronger associations in the younger age groups. This is expected because incidence rates of most conditions increase with age, implying that the background rates are lower in younger age groups. Prevalence of neurological potential PNS among patients with SCLC was 2.5% in our study, which was lower than the prevalence reported in a prospective field study based on patients who had seen a neurologist prior to cancer diagnosis (4.5%) [14] . Similarly, the incidence of Lambert-Eaton syndrome among SCLC patients in our study (0.46 per 1000 person-years) is presumably much lower than the proportion of incident cases reported in other studies over unspecified times of follow-up (0% to 0.8%) [25] [26] [27] . Among patients with SCLC, incidence of SIADH is much lower than the proportion of patients with incident SIADH (1.7%) reported in a small study with active follow up of neurological disorders [27] and a median survival time shorter than 1 year. Carcinoid tumors represent only 1%-2% of NSCLC or SCLC cases [28, 29] . The carcinoid syndrome is thought to manifest in approximately 10% of carcinoid tumors [30] , consistent with the number of carcinoid syndrome cases identified in our study. We found a seemingly higher risk of carcinoid syndrome for NSCLC than for SCLC. This study was based on routine prospective data collection and individual-level data linkage in a setting of universal access to health care permits virtually complete lifetime follow-up of persons in Danish registry-based studies, including complete ascertainment of incident primary lung cancers and complete follow-up of patients' hospital visits, emigration, and deaths [17] . At the same time, use of routinely registered hospital diagnoses to identify PNS presents a challenge in the absence of detailed clinical data. Most paraneoplastic syndromes do not have a specific disease code indicating their paraneoplastic status. In the current study, some events considered as potential PNS could be complications of cancer treatment or have a different etiology. For example, fever, cachexia, and anemia are common and multifactorial in cancer patients. They may represent complications of malignancy or result from chemotherapy [21, 25] . In lung cancer patients these conditions have been well described as PNS [31] [32] [33] . Many PNS cases in this study carried a diagnostic code of unspecified fever, which may represent a mixture of paraneoplastic fever and fever of unknown origin. Cachexia in cancer patients may result from both reduced food intake or from altered metabolism [34] . Anemia, the driving diagnosis behind the increased risk of hematologic PNS in our data, has been described as a common PNS in patients with untreated lung cancer, albeit with a more inclusive definition of anemia [20] . We included a restricted number of anemias, and excluded those secondary to bleeding. In our data, we could not distinguish whether fever, cachexia or anemia was a true PNS or a complication of cancer or its treatment. Making such distinction, however, is challenging not only in routine data, but also in clinical practice. In fact, with the exception of neurological PNS [35] , no clinical diagnostic criteria exist to distinguish PNS from syndromes that are coincidental with cancer. Furthermore, not all potential PNS conditions are diagnosed in a hospital setting, leading to underascertainment of conditions that do not lead to a hospital encounter. At the same time, the observed increases in the incidence of potential PNS following the diagnosis of lung cancer attests indirectly to the reasonable quality of the registry data for at least some of the conditions under study. Finally, the large study size permitted identification of many relatively rare conditions, however, some estimates were still imprecise. In this study, incidence rate of any potential PNS or selected autoimmune disorders among patients with lung cancer was greater than that in the general population and greater after SCLC than after NSCLC. These results may provide context about background occurrence of these conditions when treating patients with novel cancer therapies. 
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